Objective: to evaluate the efficacy and safety of an intraarticular injection of Cingal (anika therapeutics, inc., Bedford, Ma) compared with Monovisc (anika therapeutics, inc., Bedford, Ma) or saline for the treatment of knee osteoarthritis. Design: this multicenter, double-blind, saline-controlled clinical trial randomized subjects with knee osteoarthritis (Kellgren-lawrence grades i-iii) to a single injection of Cingal (4 ml, 88 mg hyaluronic acid [Ha] plus 18 mg triamcinolone hexacetonide [tH]), Monovisc (4 ml, 88 mg Ha), or saline (4 ml, 0.9%). the primary efficacy outcome was change in WOMaC (Western Ontario and McMaster Universities arthritis index) Pain Score through 12 weeks with Cingal versus saline. Secondary outcomes included Patient and evaluator global assessments, OMeraCt-OarSi responder index, and WOMaC total, Stiffness, and Physical Function scores through 26 weeks. Results: a total of 368 patients were treated (Cingal, n = 149; Monovisc, n = 150; saline, n = 69). Cingal improvement from baseline was significantly greater than saline through 12 weeks (P = 0.0099) and 26 weeks (P = 0.0072). WOMaC Pain was reduced by 70% at 12 weeks and by 72% at 26 weeks with Cingal. Significant improvements were found in most secondary endpoints for pain and function at most time points through 26 weeks. at 1 and 3 weeks, Cingal was significantly better than Monovisc for most endpoints; Cingal and Monovisc were similar from 6 weeks through 26 weeks. a low incidence of related adverse events was reported. Conclusions: Cingal provides immediate and longterm relief of osteoarthritis-related pain, stiffness, and function, significant through 26 weeks compared to saline. Cingal had similar immediate advantages compared with Ha alone, while showing benefit comparable to Ha at 6 weeks and beyond.
Introduction
Osteoarthritis (OA) is the most common joint disorder globally, 1 affecting over 27 million people in the United States 2 and 40 million people in Europe. 3 It is characterized by a decreased concentration of hyaluronic acid (HA) in synovial fluid 4 and a slow degradation of cartilage, 5 as well as joint pain and significant functional limitations. 6 The economic burden of OA is high, with health care expenditures of over $185 billion annually in the United States due to OA. 2 The incidence of OA is projected to rise; and nearly 1 in 2 people are projected to develop symptomatic knee OA by age 85, 7 leading to over an estimated 3.5 million knee replacement surgeries by 2030. 8 Intraarticular corticosteroid injections to treat knee OA are recommended in clinical practice guidelines of medical associations. 3, 9 In addition, a review of 28 trials found statistically significant short-term pain reduction for up to 3 weeks post injection. 10 Intraarticular HA injections are also used to reduce osteoarthritic pain and improve joint function by supplementing the synovial fluid with exogenous HA ("viscosupplementation") to provide lubrication and mechanical support. A meta-analysis of 54 randomized clinical trials of intraarticular HA versus placebo to treat OA knee pain demonstrated that HA was efficacious between 4 weeks and 6 months. 11 Thus, corticosteroids provide shorter term pain relief compared with HA, which provides longer term pain relief with an onset of pain reduction occurring over several weeks. 11 Adding a corticosteroid to HA could then potentially alleviate OA pain more immediately in those receiving HA prior to the onset of pain relief with HA. Several small randomized trials have shown that the combination of a corticosteroid and HA versus HA alone results in significant short-term pain relief from the corticosteroid with the longer term pain relief from the HA. [12] [13] [14] A new product, Cingal (Anika Therapeutics, Inc., Bedford, MA), was developed to deliver the short-term pain relief of an approved corticosteroid, triamcinolone hexacetonide (TH), with the sustained pain relief of a commercial cross-linked HA viscosupplement, Monovisc (Anika Therapeutics, Inc., Bedford, MA). Cingal is a single, 4-mL, intraarticular injection containing 88 mg HA and 18 mg of TH. The objective of this clinical trial was to demonstrate the safety and effectiveness of Cingal for relief of joint pain and symptoms in knee OA patients. It was hypothesized that Cingal's pain reduction would be superior to saline through 12 and 26 weeks, and also be superior to Monovisc for short-term pain relief.
Methods

Study Design
This was a prospective, multicenter, randomized, doubleblind, placebo-controlled, active-comparator clinical trial conducted at 30 sites in Europe and Canada. Eligible subjects with radiologically confirmed knee OA were randomized 2:2:1 to a single injection of Cingal (4 mL, 88 mg HA plus 18 mg TH), Monovisc (4 mL, 88 mg HA), or saline (4 mL, 0.9%). The randomization code for each site was generated by an independent biostatistician using a block size of 5. All study syringes and cartons were identical, and the treating physicians, evaluators, radiologists who reviewed the X-ray images, sponsor, study monitors, and subjects remained blinded throughout the trial, until the database was locked.
A physical exam, medical history, blood/urine/pregnancy tests, bilateral knee X-rays, concomitant medications, and the Western Ontario and McMaster Universities Arthritis Index (WOMAC) questionnaire were completed at screening. Subjects were instructed to discontinue all analgesics for the duration of the study, except rescue medication (acetaminophen/paracetamol), which could be used for up to 48 hours prior to visits.
At baseline, the treating physician prepped the subject's index knee, penetrated the joint space using a sterile 18-21 gauge needle and syringe, aspirated to dryness, and retained the aspirate for visual inspection and volume measurement. Study treatment was then injected into the index knee using standard intraarticular injection techniques.
Each site received approval from the Ethics Committee and Competent Authority to begin the study and all subjects were consented prior to enrollment. The study was conducted in accordance with Good Clinical Practices as required by the International Conference on Harmonisation and the Declaration of Helsinki, and was registered with ClinicalTrials.gov (NCT01891396).
Study Population
Study participants were 40 to 75 years of age with a body mass index (BMI) ≤ 40 kg/m 2 , and Kellgren-Lawrence (K-L) OA grade I, II, or III in the index knee as determined by X-ray. 15 At baseline, subjects had to have a WOMAC pain score ≥40 mm and ≤90 mm in the affected knee and ≤30 mm in the contralateral knee on a 100-mm visual analog scale (VAS).
Key exclusion criteria that could interfere with the study assessments included certain joint disorders, some medical condition(s), or prior knee treatments (including HA or steroid injections in the index knee in the past 6 months); and taking medications that could interfere with the procedure, healing, and/or assessments. A subject was excluded if the synovial fluid aspirate volume was >20 mL or there was visual evidence of cloudiness, crystals, or blood. Pregnant women were also excluded.
Study Outcomes
At baseline and follow-up visits, a physical exam of both knees including range of motion (ROM), and the following were completed: the WOMAC, including Total, Pain, Stiffness, and Physical Function scores 16 ; Evaluator and Patient Global Assessments; the OMERACT-OARSI Responder Index 17 ; and the EuroQol. 18 Subject diaries were also reviewed for concomitant medications and adverse events (AEs) at all follow-ups. Subject follow-up occurred at 1, 3, 6, 12, 18, and 26 weeks following the injection.
The WOMAC Pain score is composed of 5 questions, 4 of which assess pain after physical activities. The WOMAC Pain, Stiffness, and Physical Function subscales were developed in 1982 and have been fully validated. 16 The Global Assessment is a single question answered on a 100-mm VAS: "Considering all the ways the osteoarthritis in your (study) knee affects you, what is your assessment of how much your knee is bothering you today?" which was answered by the subjects and the evaluators. The EuroQol (EQ-5D) questionnaire assesses overall health on a 100-mm VAS in which 0 = worst health imaginable and 100 = best health imaginable. 18 The primary efficacy endpoint was the change from baseline in WOMAC Pain score through 12 weeks posttreatment comparing the Cingal group with the saline group. Secondary efficacy endpoints comparing Cingal with saline included changes in the OMERACT-OARSI Responder Index through 12 weeks, WOMAC Pain score through 26 weeks, and Evaluator and Patient Global Assessments through 12 and 26 weeks. Other secondary efficacy endpoints compared Cingal with Monovisc for changes at 1 and 3 weeks for the WOMAC Pain score, and Evaluator and Patient Global Assessments. Exploratory efficacy endpoints for Cingal versus saline through 26 weeks included Total WOMAC, and WOMAC Stiffness and Physical Function, OMERACT-OARSI Responders, EuroQol (EQ-5D) VAS Health Scale, rescue medication use, and ROM changes. Safety was measured by the incidence, timing, severity, and relationship to the study medication for all AEs in the safety population (defined as all treated subjects). AEs were coded according to Medical Dictionary for Regulatory Activities (MedDRA).
Statistical analysis
Sample size was calculated based on a difference in the mean responses between Cingal and saline of 10 mm (100-mm scale) based on previous trials of viscosupplements. 19 Assuming 90% power to detect the difference between Cingal and saline at a 5% significance level and a 15% dropout rate, 147 subjects each should be enrolled in the Cingal and Monovisc groups and 74 in the saline group, for a total of 368 subjects.
Summary statistics and statistical analyses were performed using SAS software (version 9.4, Cary, NC). The analyses were based on data pooled across study centers, after poolability testing determined appropriateness. A significance level of 5% was used for all analyses.
Data were analyzed using analysis of variance, without covariates or other factors assumed in the model. Discrete variables, such as the OMERACT-OARSI score, were analyzed using a Fisher's exact test. No adjustments for multiplicity were done.
All efficacy endpoints were analyzed using the intent to treat (ITT) population (all randomized subjects who received study treatment) and the multiple imputation methodology, which uses a mixed effects, repeated measures model to predict missing values. Secondary analyses were conducted on the per protocol (PP) population (all subjects who completed the 12-week visit and did not have major protocol violations).
Results
Subject Disposition and Demographics
A total of 368 subjects were enrolled and randomized to Cingal (n = 149), Monovisc (n = 150), or saline (n = 69; Fig. 1) . The safety and ITT populations were identical since all subjects received the study injection in accordance with randomization. Most subjects (n = 356; 96.7%) completed the study; 12 subjects did not complete the study (Fig. 1) . One subject was lost to follow-up and 11 subjects withdrew consent; no withdrawals were due to an AE (Fig. 1) . The PP population consisted of 335 (91.0%) subjects (Cingal [n = 137], Monovisc [n = 135], or saline [n = 63]); 33 subjects were excluded from the PP analysis (Fig. 1) . Most were excluded due to major protocol violation (n = 29) with others due to study withdrawal (n = 5); one subject who withdrew also had a major protocol violation.
Demographic and baseline characteristics were not statistically significant different among the treatment groups ( Table 1) . Subjects had a mean age of 58.3 years and a mean BMI of 28.7 kg/m 2 , most were Caucasian, and more than half (60%) had a K-L OA grade of II ( Table 1) .
effects on Study Outcomes
The Cingal group had significantly lower WOMAC Pain scores than the saline group through 12 weeks (primary endpoint) and at each individual time point in the ITT population (except 6 weeks; Table 2 ; Fig. 2) ; similar results were found in the PP population. Changes from baseline to 12 weeks for Cingal versus saline were −40.2 mm versus −31.0 mm (P = 0.0099) in the ITT population and −40.3 mm versus −32.2 mm (P = 0.0029) in the PP population ( Table 3) . The Cingal group also had significantly lower WOMAC Pain scores than the saline group through 26 weeks (P = 0.0072) in the ITT population, with a similar result in the PP population. Percent improvements from baseline in WOMAC Pain with Cingal, saline, and Monovisc were 70%, 52%, and 64%, respectively, at 12 weeks, and 72%, 56%, and 65%, respectively, at 26 weeks. The effect sizes of Cingal compared with saline for reduction in WOMAC Pain from baseline (calculated by the standardized mean difference) were 0.45 at 12 weeks and 0.41 at 26 weeks. Similar results were found for the ITT and PP populations.
Cingal was also superior to Monovisc for pain relief at 1 and 3 weeks. The absolute differences in WOMAC Pain from baseline over time are shown in Figure 2 . Percent improvements from baseline in WOMAC Pain with Cingal, saline, or Monovisc were 59%, 45%, and 49%, respectively, at 1 week, and 68%, 53%, and 57%, respectively, at 3 weeks.
Cingal was superior to saline at most time points and to Monovisc at 1 and 3 weeks for changes from baseline for Global Assessments, and WOMAC Stiffness and Physical Function (Fig. 3) , as well as in the EuroQol. From 6 weeks until the end of the study, outcomes with Cingal and Monovisc were similar. The OMERACT-OARSI Responder Index also showed significantly more responders with Cingal versus saline at 1 week (89% vs. 75%; P = 0.0161), which was maintained until 26 weeks (93% vs. 84%; P = 0.0463), except at 3 weeks. While significantly more responders were observed with Cingal versus Monovisc at 1 week (89% vs. 79%; P = 0.0280) and 3 weeks (92% vs. 83%; P = 0.0340), similar percentages of responders were found starting at 6 weeks up until 26 weeks. In addition, Cingal demonstrated superiority over saline in most other secondary and exploratory endpoints (P < 0.05), and over Monovisc at 1 and 3 weeks for most secondary endpoints (P < 0.05), in the ITT and PP populations.
Safety
Twenty-three percent of subjects overall experienced an AE: 24.2% with Cingal, 24.7% with Monovisc, and 17.4% with saline. There were no statistically significant differences among the groups for type or rate of events. The most common AEs were headache (15.7%), arthralgia (12.9%), spinal pain (8.3%), back pain (6.0%), and nasopharyngitis (5.1%). Over 99% of AEs were considered mild or moderate in severity. Six AEs were related to study medication: arthralgia with Cingal (n = 2) and Monovisc (n = 2), peripheral edema with Cingal (n = 1), and rash with Monovisc (n = 1). All related AEs resolved without sequelae. Five serious AEs were reported in 4 subjects (Cingal [n = 2], saline [n = 2]).
None of the serious AEs were considered related to treatment and resolved without sequelae. No deaths occurred during the study.
Discussion
We report on the safety and efficacy of Cingal, a novel treatment for the pain and symptoms of knee OA, which combines cross-linked HA from the commercial viscosupplement, Monovisc, with an established corticosteroid, TH. This combination of HA and TH resulted in both rapid and long-term effects, as shown by significantly better pain reduction and functional improvement compared with saline as early as 1 and 3 weeks after injection, which were maintained until 26 weeks. In addition, the effectiveness of Cingal is apparent in its broad success for improving primary and secondary endpoints, including pain and function, as well as both physician-and patient-assessed outcomes.
Results from this study also demonstrate a degree of benefit with Cingal that is greater than that reported in prior viscosupplement studies, 6, [19] [20] [21] including the 72% improvement in WOMAC Pain at 26 weeks and 92% proportion of OMERACT-OARSI responders through 26 weeks. In addition, the rapid pain relief provided by Cingal, demonstrated by a 58% improvement in WOMAC Pain at 1 week and 67% improvement at 3 weeks, is unmatched compared with prior trials of TH alone (20 mg) in knee OA. 22, 23 Cingal also verified its design rationale, demonstrating that the addition of a corticosteroid to HA provided significant early pain relief over the first few weeks relative to Monovisc. This finding is similar to those of other studies in which a corticosteroid was added to an HA product, showing that the corticosteroid provided an advantage of more immediate pain relief while patients waited for the onset of pain relief from the HA. [12] [13] [14] A separate meta-analysis examining randomized, clinical trials of intraarticular HA versus placebo found that HA starts to become efficacious over several weeks.
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The clinical significance of Cingal's effect on OA knee pain is apparent by its rapid response, its consistency of effect across all outcome measures, and other factors. The earlier onset of pain relief (statistically significant changes of WOMAC pain at 1 and 3 weeks) with the addition of TH to HA in Cingal demonstrates the product's clinical meaningfulness. The advantage of pain reduction with Cingal over Monovisc was a 17% relative improvement at 1 week and 15% relative improvement at 3 weeks. The significance of the shorter term pain relief with Cingal is also supported by the consistency of significant improvements in WOMAC Pain, Function and Stiffness and Total WOMAC and at 1 and 3 weeks (except stiffness at 1 week), as well as the Evaluator and Patient Global Assessments. In addition, the short-term pain relief gained with TH in Cingal can be considered clinically significant when factors to elucidate clinical significance in pain clinical trials, as recommended by IMMPACT, 24 are taken into account, including statistical significance of the primary efficacy analysis, magnitude of improvement in the primary efficacy outcome, responder analysis results, treatment effect size, rapidity of onset of treatment benefit, results from secondary efficacy endpoint, and convenience. Last, clinical meaningfulness can also be directly shown by the OMERACT-OARSI Responder Index results, which showed a significantly higher number of responders with Cingal versus Monovisc at both 1 and 3 weeks. Safety of Cingal in this study was demonstrated by a low incidence of AEs (n = 6), including those related to treatment, which all resolved without sequelae. In addition, no serious AEs were considered related to Cingal.
One of the limitations of our study was that follow-up ended at 26 weeks. Since Cingal achieved its largest improvement in WOMAC Pain at 26 weeks, further investigation is warranted into the benefits over longer timeframes. Another limitation was that saline demonstrated a marked impact, which was consistent with that seen in other published knee OA viscosupplementation studies, 6 possibly due to the effects of joint lavage and cleansing of joint debris. 25 Despite this, however, Cingal demonstrated statistical and clinical superiority over saline in most efficacy measures for both ITT and PP populations, and across measurements of pain and symptoms, including stiffness and physical function.
In conclusion, the results of our study confirm the safety and effectiveness of a single intraarticular injection of Cingal for rapid and long-term relief of joint pain and symptoms in patients with OA of the knee.
